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CROSS-ACCLIMATIZATION BETWEEN BODY TRAINING AND

ALTITUDE TOLERANCE

E. D. Voight

We shall report on a set of investigations which were not /49 "

stimulated by problems from the space medicine field. Nevertheless,

we can easily establish relations with the theme of the meeting.

Cross-adaptation to various stressors has received attention

for many years. Both positive and negative adaptation have been

observed with different combinations of stress-causing factors.

When Mexico City was selected as the site of the 1968 Olympic

Games, the problem of the most practical training preparation with

respect to altitude acclimatization emerged immediately for sports

physiologists and trainers. Long-term acclimatization and repeated

shorter exposures for periods of 2 - 3 weeks were discussed. It

became quite generally apparent from this special problem of phys-

ical capacity under reduced oxygen pressure that although there was

much material about the effects of oxygen dificiency at pressures

below 70 Torr, and about adaptation methods, there was very little

information about this very special but suddenly real problem.

In the meantime, some of the countries interested in the performing

sports had introduced comprehensive research plans.

In the following, we shall report on a series of studies

which were stimulated by the questions which appeared. The

reaction of the adrenal cortex to the combined stressors of
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oxygen deficiency and physical training appeared interesting to us.

In the past year we had opportunity to carry out studies on /50

racing oarsmen, along with Wegmann, Briner and Klein at the

Institute for Flight Medicine of the DVL in Bad Godesberg. The

subjects were the crew of the Ratzeburg Eight, which had attained

prominence through international success.

In detail, the study program consisted of exposing the

rowers in a reduced-pressure chamber to a definite stress situation,

which was a half hour of oxygen-deficient breathing corresponding

to an altitude of 6,900 m. It had appeared in previous studies

that on the average, good reaction of the adrenal cortex to acute

oxygen deficiency occurred only at this low pressure. This was

the basis of the intention, to shock the system with a substantial

exogenous stress situation and to measure the reaction.

Venous blood was drawn at the beginning of the experiment,

at the end of oxygen-deficient breathing, after 30 minutes,

and after one hour, to determine plasma corticoids, the

transaminases GOT and GTP, MDH, and the total ATP content.

In addition, although we shall not report on the findings now,

we also determined, after a definite time interval, the

capacity pulse index according to Miller and the maximum 02

uptake according to Astrand, estimated from submaximal work on

the bicycle ergometer, both at high oxygen and, on the following

day, in the low-pressure chamber at an equivalent height of

3,000 m. All the control and supplementary studies were repeated

at the same time of day to eliminate variations in the circadian

rhythm.

This program was performed twice in all. The first time was

in the winter, during a relative rest in training when only

force training was being done. The second time was directly in

connection with the German Championship, which they won.
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Therefore, one can hardly raise any doubts about the improvement

in their condition as compared to the winter.

Studies could not be done on one member of the crew because

of excessive difficulties with pressure compensation in the middle / 51

ear. From a previous series of studies on 16 healthy students

we had obtained comparative values for normal persons of the same

age, so that the results obtained in the well-trained state

could be referred both to the actual starting value and to a

comparative group.

Discussion of the results

The resting level of 17-hydroxycorticosteroids is distinctly

lower in normal persons than in the athletes. But even for the

athletes, the plasma level differs. It is higher in training than

during the winter break. In each case, excretion of adrenal

cortex hormones increases as a reaction to stress. This occurs

relatively quickly, apparently, because the greatest changes

always appeared at the end of the stress situation, only half an

hour after the beginning. By an hour later, the increased corti-

coid level was decreasing.

The extent of the rise in the plasma level is also variable.

The high-performance athletes have excreted much more than the

non-athletes.

Study of the ATP level in whole, blood gave the following

results: here, too, the resting level is higher for athletes than

for non-athletes. But it is at best conjecturable that there is

a relation with the state of training. The difference is not

statistically significant. The non-athletes show no reaction to

the stress. The reaction is about the same magnitude for the

athletes, independent of the state of training, so that the



blood level remains constant during the period of observation.

Differences in the other studies were not statistically

significant, so that we shall not report on them.

Discussion / 52

Production of corticosteroids, and, therefore, the function

of the adrenal cortex, is of extreme importance for the organism

to adapt to and master various stresses. It is a generally

recognized opinion that the elimination of the adrenal cortical

hormones is a controlled process. That is, it is part of a

control loop, although we do not yet know its structure in detail,

either qualitatively or quantitatively. On the other hand, we can

already make statements on separate elements of the control loop,

such as the reaction of the adrenal cortex. Apparently the adrenal

cortical hormones have the function of a final control element.

If one stresses the system with a step function of the input

quantities, as can be realized well through acute oxygen defic-

iency with a distinct beginning and constant magnitude, then we

can make some orienting statements about the dead time and delay

of the control loop as far as the control element. They must be

quite short, because preliminary studies showed that the plasma

corticosteroids had risen to 3/4 of their level at the end of

the stress after only 10 minutes. No series of studies was done

with closer time resolution, and the range of error in the method

would also soon set limits to the necessary accuracy.

The decaying portion after the end of the disturbance is very

important for study of the control characteristics; but we

believed that we could leave out a more extensive study. We were

considering only one element of the whole control loop here, and

also determined only the balance with our method, and not the

separate rates of formation and elimination. But in all cases,
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testing of the value an hour after the end of the experiment

established that the deviation had already decayed, so that the

dead time and decay are quite short. Therefore, the two values

before and at the end of the stress situation had the greatest

importance.

There was a significant difference in the resting plasma / 53

corticoid level for the three groups. It was highest for the

trained athletes and lowest for the non-athletes. There is also

a relation to the physical activity which is also dependent on

the state of training. This increased resting level can be

understood as a response to the strong physical work which acts

as a stress situation. Adaptation to this stress, that is, the

training process, is expressed, then, in a still further increased

resting coricoid level.

The other stressor used in the experiment was oxygen deficiency.

It always resulted in a rise of the corticoid level. The magnitude

of the rise differed for the various groups. The differing reaction

was most clearly expressed between non-athletes and athletes

during the winter. The rise was almost twice as great for the

athletes. The only difference between the two groups was in the

extent of previous athletic activity. One group had performed

extensively in sports, but at the time of the study, they could

not be considered as highly trained. The other group had not

previously participated in any performing sport, and this was

their only difference from the other group. Therefore,ithe previous

adaptation to performing sports gained in some training periods

led to different reactions on another stress situation. This can

be designated as "positive cross-adaptation".



Of course, it was necessary to investigate whether oxygen

deficiency and physical work did not have the same basic effects,

so that these two forms of stress would not be two different

stressors at all. But some important differences can be estab-

lished, which justify separation. In athletes, for instance,

there is no reduction of the arterial oxygen saturation. The

limiting circulatory factory for capacity is predominantly locally

in the working musculature. The other organs have no oxygen

deficiency. With oxygen-deficient breathing, in contrast, there

is a decrease in the arterial pO2. This certainly different for /54

oxygen deficiency than for physical work.

The results of the ATP study in whole blood likewise suggest

cross-adaptation. Here, too, the resting blood level showed

dependence on the degree of body activity, being highest for the

trained athletes. No change occurred during oxygen deficiency

for the non-athletes. For the athletes, in contrast, there was

a significant rise which was independent of the training status.

We shall not attempt to explain this finding here, because it

must be of a very hypothetical character. But the fact that

membership in groups which are or are not adapted to physical work

is decisive for the different reaction to acute oxygen deficiency

again allows us to apply the concept of cross-adaptation.

Attention should be paid to cross-acclimatization with

respect to the training preparations for Mexico. For some

years, long-distance runners who live and train in high country

have drawn attention to this phenomenon through outstanding

performances at sea level. The Ratzeburg Eight, somewhat

surprisingly, won the European championship again this year, with

a crew which had changed in the meantime. Just before, they had

finished a three-week training camp on the Kaprun reservoir at

2,000 m altitude, finally attaining the same times as they had

done previously at sea level.
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